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Flight Control System Design for Launch Vehicles
with Liquid Propellant

By Hidehiko Mori and Hajime KosHusHr

Abstract

A system study has been performed to construct a model launch vehicle for a geo-
stationary satellite by Space Technology Research Group of NAL.

As a part of the study, this research was executed to provide the synthetic procedure
and techniques of designing the flight control system for the boost stage of this class of
vehicles, and also to present the characteristics of the prototype of the model vehicle,
SS-3.

This report covers (1) the derivation of relating equations, (2) the system characteri-
zation with the aids of trajectory simulations, (3) the computing methods for flexible vehicle
stabilization, and (4) the discussion about calculating methods of loads on the vehicle by
the effects of the wind.

The computer programs for drawing Nyquist plot, Bode plot and root locus of a high
order system with multiple feedback loops were worked out and used for the third pro-
blem. They will have general applications in the stability analysis of multivariable control

systems.
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N, kg/rad 2.36x103 1.58 % 108 4.116 x 108
lp m flO-O —11.0 —19.0
Loy m 6.3 8.0 0.5
s 1/s? 2.296 3.24 10.35
C1 1/s% —0.001 —0.86 —0.006
Vv m/s 0.0 476.2 3,003
q kg/m? 0.0 4,286 7,641
Zs1 m 18.45 14.6 13.2
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7 Y 1/m —0.08 —0.10 ~0.16
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Ya(s3) -0.7 0.0 0.3
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